33342 were obtained from Invitrogen (USA). PBS (pH 7.4), fetal bovine serum (FBS), Dulbecco's modified Eagle's medium (DMEM), trypsin-EDTA and penicillin-streptomycin were purchased from Gibco Life Technologies (AG, Switzerland). All other chemicals used in this study were analytical reagent grade and used without further purification. Ultrapure water obtained from a Millipore water purification system (≥18 MΩ, Milli-Q, Millipore, Billerica, MA) was used in all runs.
The oligonucleotides were synthesized by Sangon Biological Engineering Technology & Co., Ltd (Shanghai, P. R. China) and purified using high-performance liquid chromatography. The DNA hairpins (MB and Assistant) were respectively annealed (heat at 95 °C for 5 min, gradually cool to 25 °C at 5 °C/min, and stand at 25 °C for 1 h at least) in PBS (10 mM, pH = 7.4, with 137 mM NaCl), ensuring the desirable secondary structures. The sequences were as follows:
Hairpin detection probe (HDP): C ACT TCT CTA CAC ATG GGA AGT GCT TCG ATT TCC A TGT GTA GA -3'   HAP-B 5' -AG C ACT TCT CTA CAC ATG GGA AGT GCT TCG ATT TCC A TGT GTA GA   -3'   HAP-C 5' -CG AG C ACT TCT CTA CAC ATG GGA AGT GCT TCG ATT TCC A TGT GTA   GA -3 All the RNA sequences were purchased from Shanghai Gene Pharma Co., Ltd. (Shanghai, PRC), purified using high-performance liquid chromatography and modified by 2'-hydroxy methylation. 2′-OMe modification can improve the nuclease resistance of single-stranded miRNA and keep it stable. 2 The sequence was listed as follows:
Target miRNA-373:
5'-GAA GUG CUU CGA UUU UGG GGU GU-3'
Instruments
The morphologies of AuNRs were examined with transmission electron microscopy (TEM) (using a JEM 2100 TEM microscope) at an acceleration voltage of 200 kV. The size distribution and zeta potential analysis were performed using a Zetasizer Nano ZS system (Malvern, UK), and the 633 nm laser was used for the dynamic Light Scattering (DLS). The UV-visible (UV-vis) absorption was acquired with a UV-1800 spectrophotometer (Shimadzu, Japan) and processed with Origin Lab software. All fluorescence measurements were performed on a Hitachi F-7000 fluorescence spectrofluorometer (Tokyo, Japan), while temperature was controlled by D77656 Hoffenberg Huber. A Veriti 96-Well Thermal Cycler-PCR machine (Applied Biosystems, USA) was used for temperature control involved in the enzyme reaction.
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Synthesis of gold nanorods (AuNRs):
According to the typical seed-mediated, surfactant-assisted growth method in a two-step procedure, the AuNRs were synthesized as previously reported with brief modification. 3 Initially, seed solution was prepared by mixing aqueous solutions of CTAB (100 mM, 9.75 mL) and HAuCl4 (10 mM, 250 µL) at 30 o C. An aqueous solution of NaBH 4 (10 mM, 600 µL) was then added. This solution was aged 2 hours at room temperature. Next, a growth solution of CTAB (100 mM, 200 mL), AgNO 3 (10 mM, 2 mL), HAuCl 4 (100 mM, 1 mL), HCl (1 M, 700 µL) 4 and ascorbic acid (0.1 M, 1.1 mL) at 27 o C was prepared for subsequent use. Then, 240 µL of the seed solution was added to the growth solution under moderate stirring and left overnight at 27 o C. The nanorods were centrifugated at 13000 rpm for 15 min twice and washed with Ultrapure water. The AuNRs were characterized using TEM and UV-vis spectroscopy.
Stability measurements of THP-AuNRs assembly
In order to measure the colloidal stability under different solutions, water, high salt solution (phosphate buffered saline (PBS) 10 mM, pH = 7.4, with 137 mM NaCl) and cell medium were prepared and mixed with the THP-AuNRs assembly respectively. After incubation at room temperature for 2 weeks, the photoluminescence and absorption spectra of the samples were recorded.
Cell Culture:
MCF-7 and MDA-MB-231 cells were cultured in DMEM supplemented with 10% (v/v) FBS, 1% penicillin and streptomycin (100 U/mL) at 37 °C in a humidified atmosphere containing 5% CO 2 . Cells that had been grown to subconfluence were dissociated from the surface with a solution of 0.25% trypsin/EDTA. Multicellular tumor spheroids (MCTS) were cultured according to a reported method. Briefly, MCF-7 cells (10 5 /mL) with 20 μL were seeded on the inner surface of the lid for hanging a drop culture and 7 mL PBS was added into the bottom to the formate of a 100% humidity environment.
Then, the MCF-7 cells were incubated for 3 days to grow into spheroids.
Cytotoxicity of multi-modified AuNRs:
MCF-7 cells and MDA-MB-231 cells (5.0 × 10 4 ) were cultured for 12 h in a 96-well plate
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containing DMEM (100 μL) in each well, and then the medium was replaced with fresh serumfree medium (Opti-MEM) alone or medium containing different concentration of AuNRsassistant-D/PEG/MB assembly and incubated for another 4 h. Next, MTT (20 μL, 5 mg/mL) was added to each well. The media were removed 4 h later, and DMSO (100 μL) was added to solubilize the formazan dye. After shocking (37 °C, 120 rpm) for 15 min, the absorbance of each well was measured using a Tecan Sunrise at 488 nm. The cytotoxicity of the laser was also investigated with the same procedure. The cytotoxicity of THP-AuNRs assembly was estimated by the percentage of growth inhibition calculated with the formula. 
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TEM characterization: The as-prepared AuNRs morphological information was characterized by transmission electron microscope (TEM) images. The generated AuNRs were monodispersed with average length and width of 49.71 ± 2.58 nm and 11.96 ± 0.98 nm, respectively (about 4.2:1 aspect ratio) using a modified seed-mediated method. 3, 4 Figure S5. A) TEM image and B) HRTEM image of AuNRs.
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UV-Vis characterization:
The DNA was modified to the surface of AuNRs in three steps. Since the cetyltrimethylammonium bromide (CTAB) coating is thinner in their ends, 5, 6 when the AuNRs are exposed to low concentrations of thiolated HAP-D first, the covalent attachment of the oligonucleotides occurs on the terminal surface of AuNRs. Then the SH-PEG (5000) was introduced to the side surface of AuNRs to stabilize and functionalize, and after that a high concentration of MB probe was added; allowing the sides CTAB of the AuNRs to be replaced sequentially. The as-prepared AuNRs had a strong longitudinal absorption peak at 816 nm and a transverse adsorption at 510 nm. After functionalizing with DNA, a 9 nm red shift associated with the change of a localized surface plasmon resonance effect and signal decrease were observed in a longitudinal absorption peak in the AuNRs nanoprobe, which indicated DNA was successfully modified on AuNRs. 
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Figure S11. UV-vis spectra of AuNRs nanoprobe (50 μg/mL, black line) and after two weeks of THP-AuNRs nanoprobe (50 μg/mL, red line).
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Figure S12. Fluorescence spectra of AuNRs nanoprobe (50 μg/mL, black line) and after two weeks of AuNRs nanoprobe (50 μg/mL, red line).
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Photothermal stability: Then, photothermal stability of the AuNRs nanoprobe was measured using a UV-Vis spectroscopic measurement by lengthening the irradiation time. A slight blue shift of the AuNRs nanoprobe SPR peak was observed during the first 20 min ( Figure S14 ). When the irradiation time was more than 20 min, a large blue shift (51 and 70 nm, corresponding to 25 and 30 min, respectively) occurred in the longitudinal absorption peak of AuNRs, which suggested long time irradiation caused AuNRs longitudinal melting. 7, 8 The TEM data and corresponding size statistics were also confirmed that our AuNRs nanoprobe was photothermally stable during the whole experiment process exposed to 3 min irradiation for miRNA detection ( Figure S15 and S16). were transfected into a single MCF-7 cell, and we detected the intracellular intensity to more than 100 cells, respectively (Table S1) Figure S18 . Three-dimensional confocal fluorescence reconstruction images. The MCTS were all costained by Calcein-AM (live: green) and PI (dead: red). Scale bars: 50 μm.
